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Introduction 


This year marks the 10th Anniversary of the detection of the 
Russian wheat aphid in the United States. In March 1986, ARS 
researchers in Stillwater, OK, received a call from a Texas A&M 
area entomologist about "...these aphids out here in this wheat, 
these things that apparently don't have any cornicles, they kind of 
look like a greenbug and they've got these 2 processes sticking 
off the rear end." The history of discovering this new pest of 
wheat and barley in Bailey County, Texas, was meticulously 
outlined in a colorful documentary by Dr. Pat Morrison of Texas 
A&M University at the First Russian Wheat Aphid Conference’ in 
1987 in Guymon, OK. This, along with other information in the 
proceedings of that meeting, is highly recommended for those 
interested in the early history of the RWA in the United States. 
More recent information about this pest was compiled in an 
extensive RWA bibliography.* In addition, an RWA symposium 
was held at the 1994 Annual Entomological Society of America 
Meetings in Dallas, TX. The proceedings of that meeting will be 
published as an Entomological Society of America Thomas Say 
Publication within the year and will be the most recent 
comprehensive information available on the RWA. 


Since that first discovery near Muleshoe, TX, in 1986, the RWA 
has spread rapidly to the other major wheat- and barley- 
producing areas of the United States. Serious infestations and 
economic losses have occurred in 17 states west of the 100th 
meridian (Fig. 1). The Russian Wheat Aphid Task Force of the 
Crops and Soils Committee, Great Plains Agricultural Council, 
has conducted annual economic impact studies of the pest since 
1987. Total losses have ranged from $12 million in 1991 to over 
$274 million in 1988. This is the most comprehensive continuous 
economic impact information for any small grain pest in the 
United States. The continuation of this annual study was 
threatened with the recent dissolution of the Great Plains 
Agricultural Council; however, members of the WRCC-66 RWA 
Aphid Biology and Control Committee have agreed to assume 
the responsibility for it. 


The latest economic impact data by Patrick and Amosson* show 
that estimated yield losses attributed to the RWA in the western 
United States during the 1993-94 crop year were 11,429,645 
bushels, with an estimated value of $36,035,000. This is the 
fourth highest loss year on record, and is more than twice the 
1993 losses. During the 1993-94 crop year, 960,943 acres were 


'Coppock, S. and B. Massey (eds). 1988. Proceedings of the First Russian 
Wheat Aphid Conference. Okla. State Univ. Coop. Ext. Serv. Bull. E-875. 


*Poprawski, T.J., N.L. Underwood, G. Mercadier, and F. Gruber. 1992. 
Diuraphis noxia (Kurdjumov) - A bibliography on the Russian wheat aphid, 1886- 
1992. U.S. Dep. Agric., Agric. Res. Serv., Ithaca, NY. 


’Patrick, C.D. and S. Amosson. 1996. Economic impact of the Russian wheat 
aphid in the United States: 1993-94. Texas A&M Univ. (In press) 


treated with insecticides for the RWA at a cost of $9,476,000. 
Estimates of cumulative losses for 1987-94 are $478.1 million in 
direct loss (control costs, yield loss, and grazing loss) and $508.5 
million in indirect loss (ripple effects sustained by the regional 
economy)--a total loss of over $986 million. Additional 
information about the economic impact to the RWA in the 
western United States is presented in Figures 2 and 3. The RWA 
also causes other losses, but they are not as tangible and thus 
cannot be included here. For example, the production of feed 
barley in heavily infested RWA areas has virtually come to a 
standstill because pesticide treatments are not economically 
feasible for this crop which has a very low profit margin. In 1994, 
average aerial treatment costs for RWA ranged from $8/acre in 
Washington to $11/acre in Arizona,° an expense that is a heavy 
burden for most feed barley growers. Another intangible loss is 
the unknown effects that wide-scale pesticide applications for 
RWA control have on the environment. For these reasons, much 
of the ARS RWA research program is devoted to developing 
“natural” management methods, including the development of 
RWA-resistant wheat and barley germplasm lines, and the study 
of natural enemies as potential management strategies. 


This is the eighth annual report of research progress on the RWA 
by the Agricultural Research Service of the USDA. As the report 
indicates, and as mentioned in the preceding paragraph, our 
research is focused on natural control methods, with a central 
objective of evaluating the combined effects of RWA-resistant 
wheat and barley, natural enemies, and established cultural 
practices on RWA population dynamics, economic thresholds, 
and crop yield. Our research directly supports the USDA 
mandate that 75% of U.S. cropland will be in an IPM system by 
the year 2000. Whether an individual RWA project is involved 
with molecular genetics, non-cultivated hosts, or GIS, our overall 
goal continues to be the development of improved pest 
management systems for the RWA. 


This report is intended as a brief update on the advances in ARS 
RWA research that have taken place during the past year. Many 
of our projects are cooperative with organizations including other 
ARS scientists and locations, as well as scientists from state 
agricultural experiment stations and USDA-APHIS. These 
combined efforts provide an excellent model of a cooperative 
research endeavor and greatly increase the probability of 
successfully managing the RWA on a regional basis. Space 
limitations for this report dictate brevity. Additional information 
about the RWA or specific projects may be obtained directly from 
the scientists listed in the individual research reports. 
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Figure 2. Economic Impact of the Russian Wheat Aphi 
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Stillwater, Oklahoma 


Alternate Hosts for Russian Wheat Aphid 


Mission: The mission of the Alternate Hosts program Is to 
identify and characterize RWA-resistant germplasm lines that 
may serve as breeding resources for both cool- and warm- 
season cereals and turf, range, and conservation grass species. 


Personnel: 
S. Dean Kindler, Research Entomologist 
Melissa Johnson, Biological Science Technician 

405-624-4189, FAX 405-372-1398 
e-mail sdkind@ag.gov, majohn@ag.gov 

USDA, ARS Plant Science Research Laboratory (PSRL) 

Wheat & Other Cereal Crops Research Unit 

1301 N. Western 

Stillwater, OK 74075 


Report: 

The western wheat aphid (WWA), Diuraphis tritici (Gillette), a 
closely related species of the RWA, shares a similar distribution 
pattern in the United States. While RWA is considered a 
perennial economic pest of wheat, WWA is at most an occasional 
economic pest. Yet under controlled conditions we have 
determined that VWWWVA is significantly more deleterious to the 
yield potential and yield components of wheat. Does WWA have 
the potential to become as serious a pest as RWA, and if so, 
under what conditions? 


Previous studies have shown that the economic importance of 
RWA depends in part on its ability to use plant species as 
alternative and oversummering hosts. We studied the survival 
and reproduction of WA on numerous cool- and warm-season 
grasses, legumes, and forbs, and also compared WWA with 
RWA on some common Bromus spp. and Agropyron spp. to see 
if the two aphid species differ in their reproduction and 
survivorship on the same grass species. Although the WWA was 
able to reproduce and survive on the plants tested, its natality 
was significantly lower than that of RWA. In addition, we found 
the WWA more difficult to rear under identical environmental 
conditions, indicating that WA is much more sensitive to its 
environment than is RWA. 


It appears from our preliminary tests that WWA may not easily 
become the menace that RWA is. Important baseline data 
obtained from our studies can be used to monitor for virulent 
biotype development. 


Publications Since Last Report: 

Kindler, S.D., T.L. Springer, and K.B. Jensen. 1995. Detection 
and characteristics of the mechanisms of resistance to Russian 
wheat aphid (Homoptera: Aphididae) in tall wheatgrass. J. Econ. 
Entomol. 88:1503-1509. 


Stillwater, Oklahoma 


Host Plant Resistance and Small Grain 
Germplasm Enhancement 


Missions: The mission of the Host Plant Resistance program is 
to identify resistance sources, study the nature of this resistance, 
and cooperate with the Small Grain Germplasm Enhancement 
program in the development and release of RWA-resistant small 
grain germplasms. The mission of the Small Grain Germplasm 
Enhancement program is to identify, characterize, and introgress 
genes conferring RWA resistance for small grain germplasm 
enhancement. 


Personnel: 
Host Plant Resistance 
James A. Webster, Research Entomologist 
Keith Mirkes, Biological Science Technician 
405-624-4200, FAX 405-372-1398 
e-mail jwebster@ag.gov, kmirkes@ag.gov 
Small Grain Germplasm Enhancement 
David R. Porter, Research Geneticist 
Cheryl A. Baker, Geneticist 
Dolores W. Mornhinweg, Geneticist 
Rita Veal, Biological Science Technician 
405-624-4212, 405-624-4251, FAX 405-372-1398 
e-mail drp@ag.gov, cbaker@ag.gov, 
dmornhin@ag.gov 
USDA, ARS Plant Science Research Laboratory (PSRL) 
Wheat & Other Cereal Crops Research Unit 
1301 N. Western 
Stillwater, OK 74075 


Report: 

Wheat - Topcrossing of RWA-resistant wheat selections to high- 
performance recurrent parents continued. Efforts are ongoing to 
develop RWA-resistant wheat lines for all market classes that are 
grown in areas where RWA is a problem. Over 400 winter wheat 
lines derived from crosses with seven different sources of RWA 
resistance were planted in the field for evaluation in Stillwater 
prior to germplasm release. Genetic diversity studies continued, 
utilizing intercross populations. Thirty-five advanced lines 
developed from four different RWA resistance sources were 
planted for seed increase and evaluation in preparation for 
entering the germplasm release stage. New sources with very 
high levels of RWA resistance are now being incorporated into 
the crossing and genetic evaluations programs. Several 
cooperative projects are ongoing to provide screening and 
evaluation tests for various public and commercial wheat 
breeders. RWA resistance testing continues on wheat X triticale 
cross populations. Several agronomically acceptable wheat lines 
with high levels of resistance have been identified and are being 
cytologically characterized. 


Barley - RWA-resistant germplasm line STARS-95778B will be 
released to breeders in the spring of 1996. STARS-9577B is a 
six-row spring barley with a greenhouse seedling resistance 
rating of 3 on Webster's scale of 1-9. Two years of field study in 
Wyoming has shown this line to have no significant yield 
reduction under artificial field infestations. Genetic analysis has 
shown RWA resistance of this line to be under the control of two 
genes. Both genes appear to be dominant with recessive 
epistasis. This inheritance differs from the inheritance in RWA- 
resistant barley germplasm line STARS-9301B. The primary 
mechanism of resistance in STARS-9577B appears to be 
tolerance. A total of 217 crosses were made in the greenhouse 
in 1995 to obtain populations for genetic studies and for 
prebreeding purposes. One hundred twenty-one BC's were 
made for prebreeding/future genetic studies, 57 F,'s and/or 
reciprocal F,'s between resistant lines and susceptible cultivars 
were made for prebreeding/genetic studies, 21 F,'s between 
resistant lines were made for future tests for genetic diversity, 
and 18 test crosses were made between the F, of two resistant 
lines a Susceptible cultivar for genetic diversity studies. One 
hundred eleven F, populations were increased for future genetic 
analysis, as well as 300 F.,-derived F, families for each of 16 
populations. Parents, F,, F, and BC(s) to both parents as well 
as 300 F,-derived F, families have been evaluated for two 
resistant lines. F, analysis indicates multiple gene control for 
both of these lines. Interpretation of gene action from the F,, 
reciprocal F,, F, and BC to both parents has yet to be 
completed. 


Publications Since Last Report: 

Baker, C.A., J.A. Webster, and D.R. Porter. 1995. Inheritance 
and mechanisms of Russian wheat aphid (RWA) resistance in 
wheat PI 245462. Agron. Abstr., Am. Soc. Agron., Madison, WI. 
p. 88. 


Miller, H.L., and D.R. Porter. 1996. A technique to quantitatively 
measure the leaf streaking symptom of Russian wheat aphid 
infestation. Crop Sci. (In press) 


Mornhinweg, D.W., D.R. Porter, and J.A. Webster. 1995. 
Inheritance of Russian wheat aphid resistance in spring barley. 
Crop Sci. 35:1368-1371. 


Mornhinweg, D.W., D.R. Porter, and J.A. Webster. 1995. 
Inheritance of RWA resistance in barley germplasm line ROO6. 
Agron. Abstr., Am. Soc. Agron., Madison, WI. p. 88. 


Mornhinweg, D.W., D.R. Porter, and J.A. Webster. 1995. 
Registration of STARS-9301B barley germplasm resistant to 
Russian wheat aphid. Crop Sci. 35:603. 


Mornhinweg, D.W., D.R. Porter, and J.A. Webster. 1995. 
Russian wheat aphid resistance in barley: An update. Proc. 
30th Barley Imp. Conf., Minneapolis, MN. pp. 82-85. 


Porter, D.R., H.T. Nguyen, and J.J. Burke. 1995. Genetic 
control of acquired high temperature tolerance in winter wheat. 
Agron. Abstr., Am. Soc. Agron., Madison, WI. p. 88. 


Porter, D.R., H.T. Nguyen, and J.J. Burke. 1995. Genetic 
control of acquired high temperature tolerance in winter wheat. 
Euphytica 83:153-157. 
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RWA-Host Plant Interaction and Insect Genetics 


Missions: The mission of the RWA-Host Plant Interaction 
program at Stillwater is to characterize plant physiological and 
biochemical responses to RWA attack in resistant and 
susceptible germplasm to identify superior metabolic systems, 
pathways, or individual components critical to genetic resistance. 
The mission of the Insect Genetics program is to conduct 
national and worldwide biotypic and genetic studies on the RWA 
and its parasitoids. 


Personnel: 
RWA-Host Plant Interaction 
John D. Burd, Research Entomologist 
405-624-4231, FAX 405-372-1398 
e-mail jdburd@ag.gov 
Insect Genetics 
Kevin A. Shufran, Research Entomologist 
405-624-4361, FAX 405-372-1398 
e-mail shufran@ag.gov 
USDA, ARS Plant Science Research Laboratory (PSRL) 
Wheat & Other Cereal Crops Research Unit 
1301 N. Western 
Stillwater, OK 74075 


Report: 

Studies were initiated to determine the genetic diversity of RWA 
populations from distinct habitats over a wide geographic area in 
eastern Colorado. RWA were collected bimonthly from 
geographically isolated field plots established along roadsides, 
margins of cultivated wheat and barley fields, and within 
Conservation Reserve Program acreage near cereal fields that 
were infested with aphids. The amount of genotypic diversity 
among and between these RWA populations will be evaluated 
using genetic fingerprinting techniques. 


RWA populations that were monitored throughout the year 
showed the importance of non-cultivated volunteer wheat and 
barley as well as crested wheatgrass and Canada wild rye as 
over-summering host-bridges during the intervening periods 
between cereal crops. Studies of RWA population dynamics on 
selected non-cultivated host species were initiated in the fall of 
1995 in replicated small-plot nurseries. Variable life table 
analyses will be conducted on naturally occurring aphid 
populations throughout the year. Field samples of RWA from 
geographically isolated populations were collected bi-monthly 
and will be genetically fingerprinted to aid in ascertaining the 
amount of genotypic diversity among and between populations. 


A genomic library of RWA was constructed from which the 
ribosomal RNA cistron was cloned. The rRNA cistron was 
subcloned into a Bluescript vector and is currently being mapped 
using restriction enzyme digests and hybridization with greenbug 


probes. There appears to be much homology in the coding 
regions between the greenbug and RWA; however, as expected, 
the intergenic spacer (IGS) shows no homology. Thus far, we 
have identified an unusual EcoR1 polymorphism in the 18S gene 
in RWA. The polymorphism has been confirmed by probing 
genomic DNA isolated from RWA maintained in a laboratory 
colony that was originally established from field collections in the 
USA. However, limited surveys of field populations in 1994 and 
1995 did not reveal the polymorphism. This may be a rare or 
poorly fit genotype. Because of the parthenogenetic nature of 
RWA populations in the USA, finding a polymorphism such as 
this indicates that more than one RWA genotype has been 
introduced into the USA. Selected subclones of the RWA rRNA 
cistron will be sequenced and PCR primers developed for the 
EcoR1 polymorphic site and the IGS. These will be used to 
further evaluate RWA populations in the USA for genetic 
diversity. 


CGA 215944 and Gaucho® (imidacloprid) are newly developed 
insecticides with primary activity on sucking insects and will likely 
become available for use against aphids in cereal 
agroecosystems. At low concentration these insecticides have 
been reported to have antifeedant effects on aphids and, 
excluding host mortality, are touted as being innocuous to natural 
enemies. We evaluated the effect of systemically applied, low 
concentrations of these aphicides on the feeding behavior of the 
RWA on wheat using electronic feeding monitors. Aphids began 
Surviving 15 days after treatment with CGA 215944 (soil drench, 
10 g ai/liter) and 45 days after planting on plants grown from 
seed dressed with Gaucho (1 fluid oz/cwt). Following these 
periods of acute toxicity, CGA 215944 exhibited antifeedant 
effects on RWA that were expressed by increases in the 
frequency and duration of non-ingestion feeding behaviors. 
Aphids on plants treated with CGA 215944 spent significantly 
more time in nonprobing activities and had a much higher 
frequency of leaf penetration spikes, followed by significantly 
shorter periods of phloem ingestion. Immediately after the period 
of acute aphid toxicity, there were no substantial carryover 
effects from CGA 215944 or Gaucho on the tritrophic relationship 
between host plant, RWA, and Diaeretiella rapae Mcintosh. 


Publications Since Last Report: 

Burd, J.D., R.A. Butts, N.C. Elliott, and K.A. Shufran. 1996. 
Russian wheat aphid biology and host-plant interactions. 
Thomas Say Publ. Entomol. (Accepted) 


Burd, J.D., and N.C. Elliott. 1995. The effect of Russian wheat 
aphid feeding on chlorophyll a fluorescence induction kinetics of 
resistant and susceptible cereals. Eur. J. Plant Pathol. Abstr. XIII 
Int. Plant Prot. Congr. Abstr. 1006. 
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Burd, J.D., and N.C. Elliott. 1996. Changes in chlorophyll a 
fluorescence induction kinetics in cereals infested with Russian 
wheat aphid (Homoptera: Aphididae). J. Econ. Entomol. (in 
press) 


Burd, J.D., N.C. Elliott, and D.K. Reed. 1996. Feeding behavior 
of Russian wheat aphids following exposure to the aphicides 
Gaucho and CGA-215944 and their potential effect on a 
Hymenopterous parasitoid. Southwest. Entomol. (Submitted) 


Burd, J.D., J.A. Webster, G.J. Puterka, R.P. Hoxie, and S.G. 
Wellso. 1996. Effect of Russian wheat aphid on nonstructural 
carbohydrate profiles of wheat seedlings. Southwest. Entomol. 
(In press) 


Stillwater, Oklahoma 


Biological Control 


Mission: The mission of the Biocontro!l program at Stillwater is 
to develop strategies in the laboratory, greenhouse, and field for 
maximum utilization of natural enemies (exotic, naturalized, and 
endemic) in RWA-infested cereals and grasses. 


Personnel: 
Norman C. Elliott, Research Biologist 
John D. Burd, Research Entomologist 
Matthew H. Greenstone, Research Entomologist 
Wade French, Biological Science Technician 
Brian Jones, Biological Science Technician 
Tim Johnson, Biological Technician 
Foreign Research Associate: Jang-Hoon Lee 
405-624-4407, 405-624-4244 405-624-4231, 
FAX 405-372-1398 
e-mail enorman@okstate.edu, jdburd@ag.gov, 
mattg@ag.gov 
USDA, ARS Plant Science Research Laboratory (PSRL) 
Wheat & Other Cereal Crops Research Unit 
1301 N. Western 
Stillwater, OK 74075 


Report: 

The natural enemy impact evaluation studies initiated in 
southeastern Colorado in 1994 were continued in 1995. The 
scope of the studies was expanded to include a RWA-resistant 
winter wheat cultivar 'Halt' in addition to the susceptible cultivar 
‘Lamar’ used in 1994. Results from 1995 suggest that exotic 
parasitoids that were established in the region in 1993 still occur 
in the field at very low population densities, and thus, exert 
minimal impact on RWA populations. However, native 
parasitoids and aphid predators may exert greater impact on 
RWA populations in Halt than in the susceptible wheat variety, 
suggesting that host plant resistance may lead to improved 
regulation of RWA populations by natural enemies. 


Progress toward development of a computer model for simulation 
of the region-wide population dynamics of the RWA included 
acquisition and classification of Landsat MSS data for the portion 
of the Great Plains from south Texas to Wyoming, and 
development of process models for simulating RWA population 
dynamics in fields of winter wheat and intermediate and crested 
wheatgrasses. Preliminary results of validation studies suggest 
that temperature, rainfall, and strong winds are important abiotic 
factors, and that wheat plant growth stage is an important biotic 
factor contributing to the aphids' population dynamics. Native 
natural enemies appear to exert minimal impact on RWA 
populations during most of the growing season, but may exert 
some impact during heading and later stages of wheat plant 
growth. Exotic natural enemies were too rare to warrant 
inclusion in models. 
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We compared removal with quadrat sampling to determine if 
removal sampling provided useful estimates of population density 
of adult and larval coccinellids in winter wheat. We also 
determined the utility of timed count and sweepnet sampling for 
estimating adult and larval coccinellid densities. Removal 
sampling provided accurate estimates of population density for 
adults of most species, but consistently underestimated larval 
density. Regression models were developed to convert 
estimates of relative to estimates of absolute population density. 
Models incorporated variables such as the number of tillers per 
0.3 m, wheat plant growth stage, plant height, and the number of 
aphids per tiller. A 25-sweep sample with a standard sweepnet 
was the most efficient unit (smallest coefficient of variation per 
unit cost) for estimating adult coccinellid density from among 
those studied. The efficiency of two 12-minute removal samples 
from within a 25-m? area, a 6-minute count, and complete 
enumeration of coccinellids in a m* quadrat, while less efficient 
than the 25-sweep sample, did not differ significantly from one 
another. The 25-sweep sample and 6-minute count were the 
most efficient units for estimating larval density. 


A mathematical relationship between the mean and variance of 
the number of lady beetles per m* in a wheat field was obtained 
using Taylor's power law. A sequential sampling plan was 
developed to estimate the number of lady beetles per m* with 
constant average statistical precision (Standard error/mean) 
using an equation relating the number of lady beetles per m* to 
the number of lady beetles per 1-minute count and the Taylor's 
power law relationship. The plan involves conducting a series of 
1-minute counts while walking through a field at a constant 
velocity of 10 m per minute. After each 1-minute count, 
sequential sampling stop-lines are consulted to determine if the 
specified level of precision has been achieved. 


Publications Since Last Report: 

Elliott, N.C., J.D. Burd, and G.L. Hein. 1995. Russian wheat 
aphid ecology in the Great Plains. Proc. Southwest. Rocky Mt. 
Div., Am. Assoc. Adv. Sci. 31:32-33. 


Elliott, N.C., J.D. Burd, S.D. Kindler, B.W. French, and D.K. 
Reed. 1996. Temperature effects on development of three 
cereal aphid parasites (Hymenoptera: Aphidiidae). Great Lakes 
Entomol. (In press) 


Elliott, N.C., G.L. Hein, J.D. Burd, and J.H. Lee. 1995. The 
population dynamics of the Russian wheat aphid in Great Plains 
agricultural landscapes. Suppl. Bull., Ecol. Soc. Am. 76:74. 


Elliott, N.C., G.L. Hein, M.R. Carter, T.O. Holtzer, and J.D. Burd. 
1996. Russian wheat aphid ecology and modeling in Great 
Plains agricultural landscapes. /n S. Quisenberry and F. Peairs 
(eds.) A Response Model for an Introduced Pest--The Russian 
Wheat Aphid. Thomas Say Publ. Entomol. (Submitted) 


Elliott, N.C., and G.J. Michels, Jr. 1996. Estimating 
aphidophagous coccinellid populations in alfalfa. Biol. Control 
(Submitted) 


Elliott, N.C., G.J. Michels, Jr., and R.W. Kieckhefer. 1996. 
Sequential sampling to estimate coccinellid populations in wheat 
with fixed precision. Biol. Control (Submitted) 


Michels, G.J., Jr. and N.C. Elliott. 1996. Estimating 


aphidophagous coccinellid populations in winter wheat. Environ. 
Entomol. (Submitted) 
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Brookings, S. Dakota 
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RWA-Host Piant Interaction 


Mission: The mission of the RWA-Host Plant Interaction 
program at Brookings is to develop and evaluate sustainable 
production systems that enhance environmental quality and 
provide health, safety, and profitability for agriculture in the 
Northern Great Plains, with emphasis on crop and pest 
management. 


Personnel: 

Walter E. Riedell, Plant Physiologist 

Robert W. Kieckhefer, Research Entomologist (Retired) 
David A. Beck, Biological Science Technician 

605-693-5207, 605-693-5215, FAX 605-693-5240 

USDA, ARS Northern Grain Insects Research 
Laboratory (NGIRL) 

Crops and Entomology Research Unit 

Rural Route 3, Box 3 

Brookings, SD 57006-9401 


Report: 

No activities pertaining to RWA were reported for 1995. 
Following Dr. Kieckhefer's retirement in January 1996, it is 
anticipated that research efforts at Brookings will shift to other 
insect pests. 


Publications Since Last Report: 

Kieckhefer, R.W., J.L. Gellner, and W.E. Riedell. Evaluation of 
the aphid-day standard as a predictor of yield loss caused by 
cereal aphids. Agron. J. (In press) 


Riedell, W.E., and R.W. Kieckhefer. 1995. Feeding damage 
effects of three aphid species on wheat root growth. J. Plant 
Nutr. 18:1881-1891. 


Beltsville, Maryland 


Biosystematics 


Mission: The mission of the Biosystematics program is to 
provide identifications and verifications for RWA and its natural 
enemies. 


Personnel: 
Manya B. Stoetzel, Research Entomologist 
301-504-5183, FAX 301-504-6482 
e-mail mstoetze@asrr.ars.usda.gov 
USDA, ARS Systematic Entomology Laboratory (SEL) 
BARC-West, Bldg. 046 
Beltsville, MD 20705 


Report: 

Dr. Stoetzel continued to provide identifications and verifications 
for Diuraphis noxia (Mordvilko). No other activities regarding 
RWA were reported for 1995. 
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Ithaca, New York 
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Biological Control 


Mission: The mission of the Biological Control program at Ithaca 
is to develop fungal pathogens of RWA, devise strategies for the 
introduction of fungi for RWA control in the field, and provide 
taxonomic support to other scientists studying RWA pathogens. 


Personnel: 

John D. Vandenberg, Research Entomologist 
Jennifer McManus, Biological Science Technician 
Frank A. Cantone, Postdoctoral Research Associate 

Richard A. Humber, Microbiologist 

607-255-2456, FAX 607-255-2459 
e-mail jdv3@cornell.edu 

USDA, ARS Plant Protection Research Unit (PPRU) 

U.S. Plant, Soil and Nutrition Laboratory 

Tower Road 

Ithaca, NY 14853-0331 


Report: 

In 1995, a study was done to compare the efficacy of 
Paecilomyces fumosoroseus conidia produced on solid and liquid 
substrates for adult RWA. Isolates used were ARSEF 4491, 
ARSEF 4501, and Mycotech 612. Preparations tested included 
aerial conidia produced on SDAY and three preparations of 
spores grown in a liquid amino-acid-glucose-salts medium: 
freshly harvested spores, freeze-dried spores, and spores dried 
in air with the addition of a filtration agent. Spore suspensions 
were sprayed on aphids at a concentration of approximately 50 
spores/cm?. Controls were included for the suspending medium, 
the liquid culture medium, the freeze-drying protectant, and the 
air-drying filtration agent. Mortality of aphids after 5 days was 
compared after adjusting for the number of colony-forming units 
obtained for each preparation. Potency ratios were estimated in 
relation to standardized aerial conidia of ARSEF 4461. Highest 
potency ratios were obtained for freshly harvested spores from 
liquid medium and for air-dried spores. ARSEF 4501 showed the 
most variability and Mycotech 612 the least. Spores produced in 
submerged culture infected hosts more quickly than aerial 
conidia. This study demonstrates that spores of P. 
fumosoroseus produced in submerged culture are efficacious 
toward this target insect. 


In cooperation with researchers at the University of Idaho, 
Mycotech Corporation, and ARS-Peoria, we tested both 
Beauveria bassiana and P. fumosoroseus against RWA in the 
field in Aberdeen, ID. We infested two varieties of spring-planted 
wheat, ‘Centennial’ (RWA-susceptible) and IDO488 (RWA- 
resistant). Our five treatment groups consisted of unsprayed, 
control-sprayed, Mycotrol WP (B. bassiana), P. fumosoroseus 
aerial spores, and P. fumosoroseus spores produced in 
submerged culture (called "blastospores"). We applied 
treatments twice, at 5-day intervals, and monitored a variety of 


variables following application. We verified the deposition of 
fungal spores on leaf surfaces and found infected aphids in 
treated plots. Most important, there was a significant drop, 
compared with controls, in live aphid levels at 6 weeks after 
treatment in Centennial. There was also a decrease in aphid 
populations in |DO488, although the difference from controls was 
not statistically significant. The greatest decrease in populations 
was observed among aphids treated with the submerged-culture 
spores of P. fumosoroseus. Infection of aphids by fungi in the 
Original spray inoculum probably occurs within 1 week. Given 
the extremely high aphid populations we treated in 1995, an 
evident decline in aphid numbers took longer to become 
apparent. We plan to expand and improve on these experiments 
in 1996. 


In corresponding laboratory assays, we are currently testing the 
relative susceptibility to fungal infection of aphids reared on 
aphid-resistant and aphid, susceptible hosts. Preliminary results 
indicate clearly lower infection rates by both B. bassiana and P. 
fumosoroseus for aphids on resistant wheat (1IDO488) in 
comparison with susceptible wheat (Centennial) and susceptible 
barley (8-12). 


A high degree of diversity among isolates of P. fumosoroseus 
was evident from genetic fingerprints obtained from RAPD-PCR 
and vegetative incompatibility of nitrate non-utilizing mutants. 
Among eight isolates of P. fumosoroseus, those with higher 
efficacy toward host insects also germinated significantly more 
rapidly in vitro. Further studies to verify speed of germination as 
a virulence factor are underway. 


Publications Since Last Report: 

Vandenberg, J.D. 1996. Standardized bioassay and screening 
of Beauveria bassiana and Paecilomyces fumosoroseus 
(Deuteromycotina: Hyphomycetes) against the Russian wheat 
aphid (Homoptera: Aphididae). J. Econ. Entomol. (Submitted) 


Cantone, F.A., and Vandenberg, J.D. 1995. Genetic variability 
within a worldwide collection of isolates of Paecilomyces 
fumosoroseus. Proc. Soc. Invertebr. Pathol. 28:11. 


Vandenberg, J.D., Jackson, M.A., and Lacey, L.A. 1995. 
Efficacy of aerial and submerged conidia of Paecilomyces 
fumosoroseus for Russian wheat aphid adults. Proc. Soc. 
Invertebr. Pathol. 28:62. 
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Montpellier, France 
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Biological Control 


Mission: The mission of the Biological Control program at the 
European Biological Control Laboratory in Montpellier is to 
collect, study, and import natural enemies and entomopathogens 
of the RWA, and to study their interactions with other natural 
enemies of RWA. 


Personnel: 
Lawrence A. Lacey, Research Entomologist 
FSN Staff: Guy Mercadier 
Students: Antonio Mesquita 
33-67-52-6844 FAX 33-67-61-9993 
e-mail llacey@cirad.fr 
(Physical address) 
European Biological Control Laboratory-ARS-USDA 
Parc Scientifique Agropolis 34397 
Montpellier Cedex 5 
France 
(Mailing address) 
USDA, ARS European Biological Control Laboratory (EBCL) 
Montpellier, France 
c/o American Embassy - Agriculture 
Unit 21551 
APO, AE 09777 


Report: 

During the past year we have focused our research on several 
aspects of the interaction of entomopathogenic fungi, the RWA, 
and Aphelinus asychis, a common parasitoid of Diuraphis noxia. 
The acute and sublethal effects of Paecilomyces fumosoroseus 
(Pfr) on adult female A. asychis were studied under conditions of 
low and high humidity at 24°C. When the parasites were 
exposed to four dosages of Pfr ranging from 3.75 to 3.75 X 10° 
conidia/cm* in humidities of approximately 50% RH and over 
90%, respective ranges of mortality of 20-33 and 33-88% were 
observed. The effect of treatment with Pfr at 5.2 x 10° 
spores/cm* on foraging behavior at low and high humidities was 
studied with video image analysis 24, 48, 72, and 96 hours after 
exposure to the fungus. There was no significant difference 
between control females and those treated with Pfr in terms of 
average distance walked when the insects were incubated at 
50% RH. When incubated at 90+% RH, a significant difference 
in average distance covered was observed 4 days after exposure 
to the fungus. Significantly higher mortality was observed in 
treated females that were incubated at the higher humidity. 
When total distance covered by the treated females accounted 
for mortality (i.e., total distance covered by all surviving females), 
the females incubated at the higher humidity for 96 hours 
covered only 60% of the distance observed for treated females 
held at the lower humidity. 


Aphelinus asychis and P. fumosoroseus were evaluated 
separately and in combination against confined populations of D. 
noxia under field conditions. Groups of 10 infested barley plants 
were treated in a spray tower with either 10 ml of a fungal 
suspension (1.7 x 10’ conidia/ml) [with and without incubation for 
24 hours under ideal conditions (Pfr, Pfr(24h), respectively)], or 
four female A. asychis (Aa), or both fungus and parasitoids 
(Pfr+Aa). Insects treated with P. fumosoroseus and later 
exposed to A. asychis and those exposed only to the parasitoids 
responded with higher mortality at 7 and 10 days post-treatment 
than controls or those receiving only the fungus. Laboratory- 
confirmed mycosis in cadavers of D. noxia recovered from plants 
that had received fungal treatments ranged from 24.4 to 31.9% 
(Pfr); 26.6 to 43.3% (Pfr(24h)) and 27.7 to 34.5% (Pfr+Aa). No 
patently infected cadavers were recovered from the field. The 
total number of living aphids per plant was significantly lower in 
the treatments involving A. asychis than in all other treatments 
and controls throughout the test. Significantly lower numbers of 
D. noxia relative to controls were also observed 13 days post- 
treatment for the P. fumosoroseus treatment that was first 
incubated in the lab. At the termination of the test 13 days post- 
treatment, the density of aphids on plants treated with Pfr+Aa, 
Aa, Pfr(24h), and Pfr was 38.2, 43.1, 70.5, and 91.9% of that 
observed on control plants, respectively. Significant differences 
in the percentages of aphid age groups were observed between 
treatments involving A. asychis and all other treatments and 
controls 13 days post-treatment; there was a significant reduction 
of the percentage of younger instar and relative increase in older 
instars for the treatments involving A. asychis. There was no 
significant difference between the number of mummies observed 
on plants receiving A. asychis only or in combination with the 
fungus. The height of the plants was not influenced by treatment 
nor the sampling date. However, the dry weight of plants 
receiving both A. asychis and P. fumosoroseus was significantly 
greater than controls 13 days post-treatment. These studies 
reveal an additive effect of P. fumosoroseus and A. asychis with 
regard to aphid control with no detrimental effects on the 
percentage of parasitism nor parasitoid emergence when the two 
agents were used together. Improvements in their combined 
activity could include better timing and greater frequency of 
applications, varieties of wheat and barley with more open 
leaves, and/or formulations of conidia that permit better exposure 
of the target insect to the fungus. 


Publications Since Last Report: 

Jackson, M.A., M.R. McGuire, L.A. Lacey, and S.P. Wraight. 
1996. Liquid culture production of desiccation-tolerant 
blastospores of the bioinsecticidal fungus Paecilomyces 
fumosoroseus. Mycol. Res. (In press) 


Lacey, L.A., and M. Goettel. 1995. Current developments in 


microbial control of insect pests and prospects for the early 21st 
century. Entomophaga 40:1-25. 
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Mesauita, A., L. Lacey, and F. Leclant. 1996. Individual and 
combined effects of an entomopathogenic fungus, Paecilomyces 
fumosoroseus (Deuteromycotina: Hyphomycetes) and a 
parasitoid, Aphelinus asychis (Hymenoptera: Aphelinidae) on 
confined populations of Russian wheat aphid, Diuraphis noxia 
(Homoptera: Aphididae) under field conditions. J. Appl. Entomol. 
(Submitted) 


Mesquita, A., L.A. Lacey, G. Mercadier, and F. Leclant. 1996. 
Entomopathogenic activity of a whitefly derived isolate of 
Paecilomyces fumosoroseus (Deuteromycotina: Hyphomycetes) 
against the Russian wheat aphid, Diuraphis noxia (Homoptera: 
Aphididae) with the description of an effective bioassay method. 
(In press) 


Newark, Delaware 


Biological Control 


Mission: The mission of the Biological Control program at 
Newark is to develop strategies for the effective, safe 
establishment of exotic natural enemies of the RWA through 
investigation of genetic, demographic, and ecological factors that 
could prevent establishment and reduce efficacy of natural 
enemies introduced to control pests. 


Personnel: 
Keith R. Hopper, Research Entomologist 
David J. Kazmer, Research Entomologist 
Richard M. Turcotte, Biological Technician 
Natalie Ramualde-Serviat, Laboratory Technician 
302-731-7330, FAX 302-737-6780 
e-mail Khopper@udel.edu 
USDA, ARS Beneficial Insects Introduction Research (BIIR) 
501 South Chapel Street 
Newark, DE 19713 


Report: 

Transfer from Montpellier, France - Hopper, Kazmer, and 
Ramualde-Serviat transferred to Newark in December 1994. 
Facilities were renovated to create a general-use laboratory and 
an incubator room with six reach-in plant growth chambers. 
Fifteen cultures of Aphelinus spp. were successfully transferred 
from Montpellier. A two-room facility for conducting molecular 
biological studies of insect natural enemies and pests was 
established. Specific capabilities include polymerase chain 
reaction (PCR) amplification of DNA, DNA and protein 
electrophoresis, protein isoelectric focusing, and digital image 
acquisition and analysis of electrophoretic results. A video image 
analysis system for computer-based, real-time acquisition of 
insect movement patterns was established. Equipment and 
software were also purchased and set up for capture and 
analysis of still images for morphometric studies and sample 
counting. An atomic absorption spectrometer, fume hood, and 
ultra-microbalance were acquired and set up for trace element 
analysis in mark-recapture experiments. A local area network 
was set up to connect newly acquired and extant computers. 

The LAN was connected to the University of Delaware network to 
provide direct, high-speed access to local and Internet resources. 


Drift, Selection, and the Effects of Long-Term Laboratory Rearing 
on Fitness Components in the Aphid Parasitoid Aphelinus 


asychis (Hymenoptera: Aphelinidae) - The focal species of this 
study was Aphelinus asychis, a parasite of the RWA. A key 


feature of our experimental design for this project was the use of 
replicate cages founded from a common gene pool; this design 
allows us to distinguish between random changes in fitness 
components, which may arise due to drift, and unidirectional 
changes, which are consistent with the effects of selection. In 
one experiment, we compared replicate cages started in the fall 
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of 1992 (F,,) and 1993 (F.,,) to material collected in France in 
May 1995. We found no unidirectional changes in fitness 
components after 29 and 47 generations of laboratory rearing. 
However, we did find significant variation among replicate cages 
of the same age in five of seven cases. In a second experiment, 
we examined random amplified polymorphic DNA (RAPD) 
variation within and among the replicate cages. Analysis of 64 
RAPD loci showed significant "drift" among cages of the same 
age, and the degree of drift was greater after 47 generations than 
after 29 generations. In a third experiment, we estimated the 
heritabilities of four fitness components using a standard half-sib 
analysis. Heritabilities for the four fitness components were low 
(6.3-11.1%). Our main conclusion is that drift may be a more 
important cause of fitness component change than selection in 
laboratory rearings of natural enemies. For traits with such low 
heritabilities as ours, high selection intensities would be 
necessary for selection to overcome the effects of drift. 


Variation in Fitness Components Among Cultures from 
Geographically Isolated Populations of the Aphid Parasitoid 
Aphelinus asychis_ - We completed a project on genetic variation 
in fitness components within and among populations of A. 
asychis. The fitness components we chose to measure were 
egg load, adult longevity, and walking speed. These are traits 
likely to affect the success of this parasitoid at finding and 
parasitizing large numbers of its host and thus are traits likely to 
be important for biological control. Egg load (i.e., the number of 
eggs carried by adult females) and adult longevity are particularly 
important for aphid parasitoids whose hosts are extremely 
patchily distributed. To be effective in biological control, aphid 
parasitoids must carry enough eggs to parasitize large numbers 
of hosts when they encounter an aphid colony, but they must 
also be able to survive long periods without encountering hosts. 
A. asychis searches for hosts and mates primarily on foot, thus 
high walking speed is also likely to be important for finding hosts 
and thus for impact as a biological control agent. We measured 
hind tibia length (a surrogate for body size) because the above 
fitness components sometimes scale with body size. Thus, we 
could control for variation in body size when examining variation 
in fitness components. We also measured wing size because 
our observations had confirmed the literature concerning the 
presence of individuals with very small wings in this species, and 
we wanted to test whether wing size varied among populations. 
None of several fitness components (egg load, walking speed, 
and longevity) varied significantly among cultures of A. asychis 
from collections in China, Kazakhstan, France, Greece, Morocco, 
and Spain. This was true both for pure cultures and for crosses 
among cultures. However, all of these components varied 
significantly among families within cultures. Body size, as 
measured by hind tibia length, did not vary significantly among 
cultures or crosses, nor did variation in body size explain 
significant variation in the fitness components measured. Wing 
size, aS measured by forewing area, did vary significantly among 


cultures and crosses, and was affected by body size differently 
depending on the culture or cross. For egg load, longevity, and 
walking speed, collection at one geographical location would 
have provided as much genetic variation as collections from 
throughout Eurasia. 


Aphelinus asychis Sex Pheromone - As part of a project on the 
effect of numbers released on the success of biological control 


introductions, we conducted experiments on the rate of the decay 
and chemistry of the trail sex pheromone produced by adult 
females of A. asychis. To measure the rate of decay of the 
pheromone, we allowed females to walk on a glass substrate and 
measured male response to this substrate at various intervals 
after the females were removed. By 4 hours after removal of the 
females, male response ceased to be distinguishable from 
response to clean glass. The pheromone is soluble in ethanol, 
hexane, and ether, and when redeposited on a glass substrate 
after dissolution in these solvents, the pheromone will elicit 
positive male responses. These results reinforce our previous 
suggestion that males use the trail sex pheromone to find plants 
on which females are present. That A. asychis uses such a 
method for mate finding suggests that it may be subject to Allee 
effects at low release rates. 


Impact of Natural Enemies on Diuraphis noxia in United States 
and Hungary [Cooperators: Zsuzsa Basky (Crop Protection 
Station, Szolnok, Hungary), M. J. Brewer (University of 
Wyoming)] - As part of a series of experiments to measure 
impact of natural enemies on Diuraphis noxia in Eurasia and the 
United States, we conducted field exclosure experiments in 
southeastern Wyoming and Hungary. We excluded natural 
enemies to test whether they prevent increase in D. noxia density 
in wheat. Our approach was to inoculate plants with D. noxia; 
exclude predators, parasitoids, and aphid-born pathogens from 
some plants and allow access to others; and compare 
subsequent changes in aphid density by destructively sampling 
the plants and extracting the aphids in Berlese funnels. In 
Wyoming, we exposed about 400 aphid-infested plant to one of 
two treatments: 1) closed cages that completely protect the 
aphids from natural enemies, half of which had sticky traps, and 
2) no cage so that the local community of natural enemies had 
access to the aphids. We did this in three sites where introduced 
Aphelinus albipodus was found in the summer of 1994 and in 
three sites where no introduced natural enemies were found 
previously. We measured predatory density in the surrounding 
wheat using catch-per-effort techniques, and we will use these 
densities, together with laboratory data on search and 
consumption rates, to estimate mortality that could have been 
caused by predators. We measured parasitoid density in the 
surrounding wheat by recovering adults from aphid-infested 
stems placed in emergence canisters. We used the same 
exclosure treatments in Hungary, but with only one site and no 
sticky traps. We were unsuccessful at counting the Berlese 
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samples using an computerized image analysis system, so we 
are now counting them by hand. When the counts are finished, 
we will compare the rate of increase and age structure of the 
aphid population among these treatments using analysis of 
variance and categorical data analysis. 


Publications Since Last Report: 
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three irrigation levels. J. Econ. Entomol. 88:169-174. 


Fauvergue, X., K.R. Hopper, and M. Antolin. 1995. Mate-finding 
via a trail sex pheromone by a parasitoid wasp. Proc. Nat. 
Acad. Sci. 92:900-904. 


Hopper, K.R. 1995. Potential impacts on threatened and 
endangered insect species in the continental United States from 
introductions of parasitic Hymenoptera for the control of insect 
pests. /n H. Hokkanen and J.M. Lynch (eds.) Benefits and Risks 
of Biological Control. Cambridge University Press, London. 


Hopper, K.R., S. Aidara, S. Agret, J. Cabal, D. Coutinot, R. 
Dabire, C. Lesieux, G. Kirk, S. Reichert, F. Tronchetti, J. Vidal. 
1995. Natural enemy impact on the abundance of Diuraphis 
noxia in wheat in southern France. Environ. Entomol. 24:402- 
408. 


Hopper, K.R., D. Coutinot, K. Chen, S.E. Halbert, D.J. Kazmer, 
G. Mercadier, R.H. Miller, K.S. Pike, L.K. Tanigoshi. 1996. 
Exploration for natural enemies to control Diuraphis noxia in the 
United States. Thomas Say Publ. Entomol. (In press) 


Kazmer, D.J., K.R. Hopper, D. Coutinot and D.G. Heckel. 1995. 
Suitability of random amplified polymorphic DNA for genetic 
markers in the aphid parasitoid, Aphelinus asychis 
(Hymenoptera: Aphelinidae). Biol. Control 5:503-512. 


Kazmer, D.J., K. Maiden, N. Ramualde, D. Coutinot, and K.R. 
Hopper. 1996. Reproductive compatibility, mating behavior, and 
random amplified polymorphic DNA in some Aphelinus asychis 
(Hymenoptera: Aphelinidae) derived from the Old World. Ann. 
Entomol. Soc. Am. (In press) 


Roush, R.T., and K.R. Hopper. 1995. Use of single family lines 
to preserve genetic variation in laboratory colonies. Ann. 
Entomol. Soc. Am. 88:713-717. 


Selected ARS 
Russian Wheat Aphid 
Publications 


Baker, C.A., D.R. Porter, and J.A. Webster. 1994. Registration 
of STARS-9302W and STARS-9303W Russian wheat 
aphid-resistant wheat germplasm. Crop Sci. 34:1135-1136. 


Baker, C.A., J.A. Webster, and D.R. Porter. 1992. 
Characterization of Russian wheat aphid resistance in a hard 
white spring wheat. Crop Sci. 32:1442-1446. 


Belefant-Miller, H., D.R. Porter, M.L. Pierce, and A.J. Mort. 1994. 
An early indicator of resistance in barley to Russian wheat aphid. 
Plant Physiol. 105:1289-1294. 


Black, W.C. IV, N.M. DuTeau, G.J. Puterka, J.R. Nechols, and 
J.M. Pettorini. 1992. Use of random amplified polymorphic DNA 
polymerase chain reaction (RAPD-PCR) to detect DNA 
polymorphisms in aphids. Bull. Entomol. Res. 82:151-159. 


Burd, J.D., and R.L. Burton. 1992. Characterization of plant 
damage caused by the Russian wheat aphid (Homoptera: 
Aphididae). J. Econ. Entomol. 85:2017-2022. 


Burd, J.D., R.L. Burton, and J.A. Webster. 1993. Evaluation of 
Russian wheat aphid (Homoptera: Aphididae) damage on 
resistant and susceptible hosts with comparisons of damage 
ratings to quantitative plant measurments. J. Econ. Entomol. 86: 
974-980. 


Burton, R.L. (compiler) 1988. The Russian wheat aphid, first 
annual report. U.S. Dep. Agric., Agric. Res. Serv., Stillwater, OK. 


Burton, R.L. (compiler) 1989. The Russian wheat aphid, second 
annual report. U.S. Dep. Agric., Agric. Res. Serv., Stillwater, OK. 


Burton, R.L. (compiler) 1990. The Russian wheat aphid, third 
annual report. U.S. Dep. Agric., Agric. Res. Serv., Stillwater, OK. 


Burton, R.L. (compiler). 1992. The Russian wheat aphid, fourth 
annual report. U.S. Dep. Agric., Agric. Res. Serv., PSWCL Prog. 
Rep. 92-001. 


Burton, R.L., D.R. Porter, C.A. Baker, J.A. Webster, J.D. Burd, 
and G.J. Puterka. 1991. Development of aphid-resistant wheat 
germplasm, pp. 203-213. /n D.A. Saunders (ed.) Wheat for 
Nontraditional Warm Areas. Mexico, D.F.: CIMMYT. 


Burton, R.L., and J.A. Webster (compilers). 1993. The Russian 


wheat aphid, fifth annual report. U.S. Dep. Agric., Agric. Res. 
Serv., PSWCL Prog. Rep. 93-009. 


27 


28 


De Farias, A.M.I., and K.R. Hopper. 1995. Damage symptoms 
and abundance of Diuraphis noxia for four plant varieties and 
three irrigation levels. J..Econ. Entomol. 88:169-174. 


Elliott, N.C., B.W. French, J.D. Burd, S.D. Kindler, and D.K. 
Reed. 1994. Parasitism, adult emergence, sex ratio, and size of 
Aphidius colemani on several aphid species. Great Lakes 
Entomol. 27:137-142. 


Elliott, N.C., G.L. Hein, and B.M. Shepard. 1993. Sampling 
arthropod pests of wheat and rice, pp. 627-666. /n L. Pedigo and 
D.G. Buntin (eds.) Sampling Methods for Arthropod Pests in 
Agriculture. CRC Press, Boca Raton, FL. 


Elliott, N.C., and R.W. Kieckhefer. 1990. Dynamics of 
aphidophagous coccinellid assemblages in small grain fields in 
eastern South Dakota. Environ. Entomol. 19:1320-1329. 


Elliott, N.C., and R.W. Kieckhefer. 1994. Lady beetle community 
development in relation to agroecosystem and landscape 
structure. Proc. 9th Annu. Nat. Symp. Landscape Ecol. pp. 59- 
60. 


Elliott, N.C., R.W. Kieckhefer, and W.C. Kauffman. 1991. 
Estimating adult coccinellid populations in wheat fields by 
removal, sweepnet, and visual count sampling. Can. Entomol. 
P2Galoo 2s 


Elliott, N.C., R.W. Kieckhefer, and W.C. Kauffman. 1993. 
Effects of an invading coccinellid, Coccinella septempunctata L.., 
on the structure of native coccinellid species assemblages in 
agricultural crops. Bull. Ecol. Soc. Am. 74:226. 


Elliott, N.C., D.K. Reed, B.W. French, and S.D. Kindler. 1994. 
Aphid host effects on the biology of Diaeretiella rapae. 
Southwest. Entomol. 19:279-284. 


Fauvergue, X., K.R. Hopper, and M. Antolin. 1995. Mate-finding 
via a trail sex pheromone by a parasitoid wasp. Proc. Nat. 
Acad. Sci. 92:900-904. 


Feng, M.G., R.M. Nowierski, J.B. Johnson, and T.J. Poprawski. 
1992. Epizootics caused by entomophthoralean fungi 
(Zygomycetes: Entomophthorales) in populations of cereal 
aphids (Hom., Aphididae) in irrigated small grains in southwesten 
Idaho, USA. J. Appl. Entomol. 113:376-390. 


Fuller, B.W., R.L. Gibson, D.D. Walgenbach, N.C. Elliott, and 
N.A. Boetel. 1989. Evaluation of insecticide treatments for 
control of Russian wheat aphids on winter wheat. Insectic. & 
Acaricide Tests 14:142. 


Gellner, J.L., R.W. Keickhefer, and M.W. Ferguson. 1989. 
Assessment of aphid damage in seedling wheat by a slant-board- 
absorbent technique. Cereal Res. Commun. 17:149-151. 


Gellner, J.W., R.W. Kieckhefer, and B. Moreno. 1990. Effects of 
pot size and fertility level on assessment of aphid (Homoptera: 
Aphididae) feeding damage on greenhouse-grown spring wheat. 
J. Kans. Entomol. Soc. 63:187-192. 


Gray, M.E., G.L. Hein, D.D. Walgenbach, and N.C. Elliott. 1990. 
Effects of Russian wheat aphid (Homoptera: Aphididae) on winter 
and spring wheat infested during different plant growth stages 
under greenhouse conditions. J. Econ. Entomol. 83:2434-2442. 


Gray, M.E., G.L. Hein, D.D. Walgenbach, N.C. Elliott, and R.W. 
Kieckhefer. 1988. Evaluation of planting-time insecticide 
treatments and foliar applications against the oat-bird cherry 
aphid, corn leaf aphid, and Russian wheat aphid. Insectic. & 
Acaricide Tests 13:322-323. 


Gruber, F., T.J. Poprawski, and E. Rey. 1991. Survey for 
natural enemies of Diuraphis noxia (Mordvilko) in Eurasia. 
lIOBC\West Palaearctic Regional Section Bull. 1991/XIV/4:102- 
109. 


Halbert, S., F. Gruber, and |. Kiriac. 1989. Report on an 
expedition to obtain natural enemies of Diuraphis noxia 
(Mordvilko) in Moldavia and in the Ukraine (USSR). Univ. of 
Idaho, Parma. 16 pp. 


Halbert, S.E., and T.J. Poprawski. 1991. Exploration for natural 
enemies of Diuraphis noxia (Mordvilko) in Soviet Central Asia - 
April/May 1991. U.S. Dep. Agric., Agric. Res. Serv. (Ithaca, NY) 
and Univ. Idaho Rep. 16 pp. 


Hopper, K.R. 1995. Potential impacts on threatened and 
endangered insect species in the continental United States from 
introductions of parasitic Hymenoptera for the control of insect 
pests. /n H. Hokkanen and J.M. Lynch (eds.) Benefits and Risks 
of Biological Control. Cambridge University Press, London. 


Hopper, K.R., S. Aidara, S. Agret, J. Cabal, D. Coutinot, R. 
Dabire, C. Lesieux, G. Kirk, S. Reichert, F. Tronchetti, J. Vidal. 
1995. Natural enemy impact on the abundance of Diuraphis 
noxia in wheat in southern France. Environ. Entomol. 24:402- 
408. 


Hopper, K.R., and R.T. Roush. 1993. Mate finding, dispersal, 


number released, and the success of biological control 
introductions. Ecol. Entomol. 18:321-331. 


29 


30 


Hopper, K.R., R.T. Roush, and W. Powell. 1993. Management 
of the genetics of biological-control introductions. Annu. Rev. 
Entomol. 38:27-51. 


Humber, R.A. 1990. Fungal pathogens of aphids, pp. 45-56. /n 
D.C. Peters, J.A. Webster, and C.S. Chlouber (eds.) Aphid-Plant 
Interactions: Populations to Molecules. Proc. Int. Aphid Symp., 
Okla. State Univ., MP-132. 


Kazmer, D.J., K.R. Hopper, D. Coutinot and D. G. Heckel. 1995. 
Suitability of random amplified polymorphic DNA for genetic 
markers in the aphid parasitoid, Aphelinus asychis 
(Hymenoptera: Aphelinidae). Biol. Control 5:503-512. 


Kieckhefer, R.W., and N.C. Elliott. 1989. Effect of fluctuating 
temperatures on development of immature Russian wheat aphids 
(Hoomoptera: Aphididae) and demographic statistics. J. Econ. 
Entomol. 82:119-122. 


Kieckhefer, R.W., and J.L. Gellner. 1992. Yield losses in winter 
wheat caused by low-density cereal aphid populations. Agron. J. 
84:180-183. 


Kindler, S.D., J.P. Breen, and T.L. Springer. 1991. Reproduction 
and damage by Russian wheat aphid, Diuraphis noxia 
(Mordvilko) (Homoptera: Aphididae) as influenced by fungal 
endophytes and cool-season turfgrasses. J. Econ. Entomol. 
84:685-692. 


Kindler, S.D., L.G. Greer, and T.L. Springer. 1992. Feeding 
behavior of the Russian wheat aphid (Homoptera: Aphididae) on 
wheat and resistant and susceptible slender wheatgrass. J. 
Econ. Entomol. 85:2012-2016. 


Kindler, S.D., K.B. Jensen, and T.L. Springer. 1993. An 
Overview: Resistance to the Russian wheat aphid (Homoptera: 
Aphididae) within the perennial Triticeae. J. Econ. Entomol. 
85:1609-1618. 


Kindler, S.D., and T.L. Springer. 1989. Alternate hosts of 
Russian wheat aphid (Homoptera: Aphididae). J. Econ. Entomol. 
82:1358-1362. 


Kindler, S.D., and T.L. Springer. 1991. Resistance to Russian 
wheat aphid in wild Hordeum species. Crop Sci. 31:94-97. 


Kindler, S.D., and T.L. Springer. 1992. Evaluation of resistance 
to Russian wheat aphid in Hordeum bulbosum. Ann. Appl. Biol. 
120, (Supplement) Tests Agrochem. Cultiv. 13:90-91. 


Kindler, S.D., T.L. Springer, and K.B. Jensen. 1991. Differential 
damage to range grass seedlings by Russian wheat aphid, 
Diuraphis noxia (Homoptera: Aphididae). J. Econ. Entomol. 
84:333-336. 


Kindler, S.D., T.L. Springer, and K.B. Jensen. 1995. Detection 
and characteristics of the mechanisms of resistance to Russian 
wheat aphid (Homoptera: Aphididae) in tall wheatgrass. J. Econ. 
Entomol. 88:1503-1509. 


Kiriac, |., F. Gruber, T. Poprawski, S. Halbert, and L. Elberson. 
1990. Occurrence of sexual morphs of Russian wheat aphid, 
Diuraphis noxia (Homoptera: Aphididae), in several locations in 
the Soviet Union and the northwestern United States. Proc. 
Entomol. Soc. Wash. 92:544-547. 


Kovalev, O.V., T.J. Poprawski, A.V. Stekolshchikov, A.B. 
Vereshchagina, and S.A. Gandrabur. 1991. Diuraphis 
Aizenberg (Hom., Aphididae): Key to apterous viviparous 
females, and review of Russian language literature on the natural 
history of Diuraphis noxia (Kurdjumov, 1913). J. Appl. Entomol. 
112:425-436. 


Lacey, L.A., and M. Goettel. 1995. Current developments in 
microbial control of insect pests and prospects for the early 21st 
century. Entomophaga 40:1-25. 


Miller, H.L., D.R. Porter, J.D. Burd, D.W. Mornhinweg, and R.L. 
Burton. 1994. Physiological effects of Russian wheat aphid 
(Homoptera: Aphididae) on resistant and susceptible barley. J. 
Econ. Entomol. 87:493-499. 


Mornhinweg, D.W., D.R. Porter, and J.A. Webster. 1995. 
Inheritance of Russian wheat aphid resistance in spring barley. 
Crop Sci. 35:1368-1371. 


Mornhinweg, D.W., D.R. Porter, and J.A. Webster. 1995. 
Registration of STARS-9301B barley germplasm resistant to 
Russian wheat aphid. Crop Sci. 35:603. 


Poprawski, T.J. 1989. Survey of Diuraphis noxia, grasshoppers 
and natural enemies in the Soviet Central Asian Republic of 
Kirgizia, 15 August-16 September 1989. U.S. Dep. Agric., Agric. 
Res. Serv., European Parasite Laboratory Rep. 26 pp. 


Poprawski, T.J. 1990. A search for the Russian wheat aphid, 
Diuraphis noxia, and its natural enemies in the Soviet Republics 
of Kirgizia and Ouzbekistan, 9-31 May 1990. U.S. Dep. Agric., 
Agric. Res. Serv., European Parasite Laboratory Rep. 17 pp. 


31 


32 


Poprawski, T.J., and F. Gruber. 1988. Survey of cereal aphids 
and natural enemies in Yugoslavia, Greece, Bulgaria and Turkey, 
9 May-31 May 1988. U.S. Dep. Agric., Agric. Res. Serv., 
European Parasite Laboratory Rep. 33 pp. 


Poprawski, T.J., and F. Gruber. 1988. Survey of Diuraphis noxia 
in Turkey, 14-19 June 1988. U.S. Dep. Agric., Agric. Res. Serv., 
European Parasite Laboratory Rep. 7 pp. 


Poprawski, T.J., and F. Gruber. 1989. Report on a vist to the 
Soviet-American biological control laboratory in Kishinev, USSR 
and on a survey of Diuraphis noxia and natural enemies in the 
Moldavian SSR, 25 May-15 June 1989. U.S. Dep. Agric., Agric. 
Res. Serv., European Parasite Laboratory Rep. 20 pp. 


Poprawski, T.J., G. Mercadier, and F. Gruber. 1992. Biology of 
the Russian wheat aphid, Diuraphis noxia (Mordvilko). Mem. 
Soc. R. Belge Entomol. 35:337-342. [In French] 


Poprawski, T.J., G. Mecadier, and S.P. Wraight. 1992. 
Interactions between Diuraphis noxia, Zoophthora radicans and 
Aphelinus asychis: Preliminary results of laboratory studies, pp. 
180-188. /n W.P. Morrision (comp.) Proceedings of the Fifth 
Russian Wheat Aphid Conference. Great Plains Agric. Counc. 
Pub. 142. 


Poprawski, T.J., E. Rey, and F. Gruber. 1992. Natural enemies 
of the Russian wheat aphid, Diuraphis noxia (Mordvilko). Mem. 
Soc. R. Belge Entomol. 35:343-346. [In French] 


Poprawski, T.J., N.L. Underwood, G. Mercadier, and F. Gruber. 
1992. Diuraphis noxia (Kurdjumov) - A bibliography on the 
Russian wheat aphid, 1886-1992. U.S. Dep. Agric., Agric. Res. 
Serv., Ithaca, NY. 


Porter, D.R., H.T. Nguyen, and J.J. Burke. 1995. Genetic 
control of acquired high temperature tolerance in winter wheat. 
Euphytica 83:153-157. 


Porter, D.R., H.T. Nguyen, and J.J. Burke. 1994. Quantifying 
acquired thermal tolerance in winter wheat. Crop. Sci. 34:1686- 
1689. 


Porter, D.R., JA. Webster, and C.A. Baker. 1993. Detection of 
resistance to the Russian wheat aphid in hexaploid wheat. Plant 
Breed. 110:157-160. 


Puterka, G.J., W.C. Black IV, W.M. Steiner, and R.L. Burton. 
1993. Genetic variation and phylogenetic relationships among 
worldwide collections of the Russian wheat aphid, Diuraphis 
noxia (Mordvilko), inferred from allozyme and RAPD-PCR 
markers. Heredity 70:604-618. 


Puterka, G.J., J.D. Burd, and R.L. Burton. 1992. Biotypic 
variation in a worldwide collection of Russian wheat aphid 
(Homoptera: Aphididae). J. Econ. Entomol. 85:1497-1506. 


Reed, D.K., J.D. Burd, N.C. Elliott, and R.K. Campbell. 1993. 
Aspects of tritrophic interactions of Russian wheat aphid, pp. 
109-113. /n R.D. Lumsden and J.L. Vaughn (eds.) Pest 
Management: Biologically Based Technologies. Am. Chem. 
Soc., Washington, D.C. (Beltsville Symposium XVIII, 1993) 


Reed, D.K., T. Hamissou, J.D. Burd, N.C. Elliott, and S.D. 
Kindler. 1993. Relationship of an aphid parasitoid's larval growth 
characteristics and mummy weight. Southwest. Entomol. 
18:245-250. 


Reed, D.K., S.D. Kindler, and T.L. Springer. 1992. Interactions 
of Russian wheat aphid, a hymenopterous parasitoid and 
resistant and susceptible slender wheatgrass. Entomol. Exp. 
Appl. 64:239-246. 


Reed, D.K., J.A. Webster, B.G. Jones, and J.D. Burd. 1991. 
Tritrophic relationships of Russian wheat aphid, a 
hymenopterous parasitoid, and resistant and susceptible small 
grains. Biol. Control 1:35-41. 


Reed, H.C., D.K. Reed, and N.C. Elliott. 1992. Comparative life 
table statistics of Diaeretiella rapae and Aphidius matricariae in 
the Russian wheat aphid. Southwest. Entomol. 17:307-312. 


Reed, H.C., S. Tan., D.K. Reed, N.C. Elliott, J.D. Burd, and C. 
Walker. 1994. Evidence for a sex attractant in Aphidius 
colemani Viereck with potential use in field studies. Southwest. 
Entomol. 19:273-278. 


Riedell, W.E. 1989. Effects of Russian wheat aphid infestation 
on barley plant response to drought stress. Physiol. Plant. 
7 12587-9092: 


Riedell, W.E. 1990. Aphid infestation damage in wheat plants. 
Plant Physiol. 90:S310. 


Riedell, W.E. 1990. Tolerance of wheat to Russian wheat aphid: 
Nitrogen fertilization reduces yield loss. J. Plant Nutr. 13:579- 
584. 


Riedell, W.E., and R.W. Kieckhefer. 1993. Nitrogen fertilizer 
management and grain yield loss to Russian wheat aphids. 
Cereal Res. Commun. 21:57-59. 


Riedell, W.E., and R.W. Kieckhefer. 1995. Feeding damage 


effects of three aphid species on wheat root growth. J. Plant 
Nutr. 18:1881-1891. 


33 


34 


Roehrdanz, R., D.K. Reed, and R.L. Burton. 1993. Use of 
polymerase chain reaction and arbitrary primers to distinguish 
laboratory-raised colonies of parasitic Hymenoptera. Biocontrol 
3:199-206. 


Roush, R.T., and K.R. Hopper. 1995. Use of single family lines 
to preserve genetic variation in laboratory colonies. Ann. 
Entomol. Soc. Am. 88:713-717. 


Springer, T.L., S.D. Kindler, T.L. Harvey, and P.W. Stahiman. 
1992. Susceptibility of brome grass to the Russian wheat aphid 
(Homoptera: Aphididae). J. Econ Entomol. 85:1731-1735. 


Stoetzel, M.B. 1987. Information on and identification of 
Diuraphis noxia (Homoptera: Aphididae) and other aphid species 
colonizing leaves of wheat and barley in the United States. J. 
Econ. Entomol. 80:696-704. 


Stoetzel, M.B. 1990. The North American species in and related 
to Diuraphis Aizenberg. Acta Phytopatho!. Entomol. Hung. 
25:229-234. 


Stoetzel, M.B. 1990. Some aphids of importance to the 
southeastern United States (Homoptera: Aphididae). Fla. 
Entomol. 73:580-586. 


Stoetzel, M.B., and R.W. Hammon. 1992. New collections of 
sexuales of Diuraphis (Homoptera: Aphididae) in North America. 
Proc. Entomol. Soc. Wash. 94:598-599. 


Vandenberg, J.D. 1994. Bioassay of entomopathogenic fungi 
against the Russian wheat aphid. 6th Int. Collog. Invertebr. 
Pathol. Microb. Control, Montpellier, France. p. 126. 


Webster, J.A. 1990. Resistance in triticale to the Russian wheat 
aphid (Homoptera: Aphididae). J. Econ. Entomol. 83:1091-1095. 


Webster, J.A., C.A. Baker, and D.R. Porter. 1991. Detection and 
mechanisms of Russian wheat aphid (Homoptera: Aphididae) 
resistance in barley. J. Econ. Entomol. 84:669-673. 


Webster, J.A., R.L. Burton, and K.J. Starks. 1987. Diuraphis 
noxia, anew U.S. aphid pests of small grains. J. Kans. Entomol. 
Soc. 60:483. 


Webster, J.A., F. Dutoit, and T.W. Popham. 1993. Fecundity 
comparisons of the Russian wheat aphid (Homoptera: Aphididae) 
in Bethlehem, South Africa, and in Stillwater, Oklahoma. J. 
Econ. Entomol. 86:544-548. 


Webster, J.A., C. Inayatullah, M. Hamissou, and K.A. Mirkes. 
1994. Leaf pubescence effects in wheat on yellow sugarcane 
aphids and greenbugs (Homoptera: Aphididae). J. Econ. 
Entomol. 87:231-240. 


Webster, J.A., and O.G. Merkle. 1988. Evaluating small grain 
germplasm for resistance to the Russian wheat aphid. Proc. 
Beltsville Symp. in Agric. Res. XIII Biotic Diversity and 
Germplasm Preservation - Global Imperatives, Sec. II, No. 36. 


Webster, J.A., D.R. Porter, C.A. Baker, and D.W. Mornhinweg. 
1993. Russian wheat aphid (Homoptera: Aphididae) resistance 
in barley: Effects on aphid feeding. J. Econ. Entomol. 86:603- 
1608. 


Webster, J.A., and K.J. Starks. 1987. Fecundity of Schizaphis 
graminum and Diuraphis noxia (Homoptera: Aphididae) at three 
temperature regimes. J. Kans. Entomol. Soc. 60:580-582. 


Webster, J.A., K.J. Starks, and R.L. Burton. 1987. Plant 
resistance studies with Diuraphis noxia (Homoptera: Aphididae), 
a new United States wheat pest. J. Econ. Entomol. 80:944-949. 


Webster, J.A. and R.K. Treat (comps.) 1994. The Russian 
wheat aphid, sixth annual report. U.S. Dep. Agric., Agric. Res. 
Serv., PSWCRL Prog. Rep. 94-001. 


Webster, J.A. and R.K. Treat (comps.) 1995. The Russian 
wheat aphid, seventh annual report. U.S. Dep. Agric., Agric. 
Res. Serv., PSWCRL Prog. Rep. 95-001. 


Wraight, S.P., T.J. Poprawski, W.L. Meyer, and F.B. Peairs. 
1993. Natural enemies of the Russian wheat aphid (Homoptera: 
Aphididae) and associated cereal aphid species in spring-planted 
wheat and barley in Colorado. Environ. Entomol. 22:1383-1391. 


35 












) ey Pie - | 

“Eel oa meres aks mo 
40R0 ng ) 
worthy alin ia tee teal abla? 
pcre Anabtionndh - . rn - rhacas " 

m7 an 

part mat re pa eae : aidint eat aha ; 
ve yiane ee cealh Ak eh 
Sf cht 1) “BR ypevilertbagtd eis a 
‘eo re 
peat Wi tes eel Ae 
COTE RONTA ‘else ese igey Alek, 


EM jonste’ rach . cheb itatie  @ 
> a. ee ie 


i Ocremy waren’ po ie amaatalaen 
usin ty ihre” Apt AS Need re 
aaa te (sath {4 eveiomey @ren criggnet) hae cei, ‘ 





ee me 
a a | bet ea ct tied 

“ai eer ofS Aga eiaile b>. an eee 
(eettergA yrecyporiet) Med On (WC siti mata a 


oh APES Joon’ fecS |. Appear wine eth jue soph | 
Sin oer Mi os Tape. oipense W > ong - 
nweauA ety MMY | emendiseedt sabbiierkioly!. enatial 


“gh ofpk. oom wa AU ee nie Sve SS vet Ww 

TUCHRR NE ig 

te & = ue. 

elec eat 29S {oora ee “Udde, 
Sars onpa veg Ba Pee Se ee oa. matt 

ONG kh ee OHNE aan bea 

agar t | lan) 

ome OSs dee J eae a a es ten “ ae te 

‘6 prewicn oh) Cries taSrie’ eo 4 ear to au qt 


call 7 
peti tcnrd rh Seas erieggy & way 
at -£fER35 some . eine eae iets eee neti 
















ey 






The w,i8 9 z —o 





Fi : 
7 
vA 
ay in er 2 is ee 
\ i web; a a | 4 ’ as 
cs) ON ae ey 
mae i . a ie a ta ? 





